The protein kinases are a large family of enzymes that transfer phosphate from adenosine triphosphate (ATP) to proteins as a means of regulating their activity and conformational state. Protein kinase C (PKC) and protein tyrosine kinases (PTKs) belong to two families of enzymes that play an important role in cellular physiology, including cell proliferation and differentiation1)2). PTKs catalyze phosphorylation of tyrosine residues of protein substrates whereas PKCsphosphorylate serine or threonine residues.
One of the best understood and most intensely investigated PTKsis the epidermal growth factor receptor (EGF-R) protein tyrosine kinase which upon ligand binding undergoes dimerisation and autophosphorylation followed by the assembly of a signal transduction Rheodyne 7125 injection valve, UV-VIS Focus fast-scan detector (Spectra-Physics) with integration software PC-1000 version 2.5 or a diode array detector Gynkotek UVD340 with software Gynkosoft version 3.5.
Assays for Kinase Inhibition
and Antiproliferative Activity
The compounds were tested for inhibition of the protein kinases EGF-R PTK, v-abl PTK, c-src PTK, PKC-a, and PKC-£ as described previously9~13).
Inhibition of proliferation of EGF-dependent BALB/ MKmurine keratinocytes and interleukin-3 (IL-3)-dependent FDC-P1cells was assayed after 3~4 days of drug exposure as described1 1}. Results and Discussion HPLC Analysis The compounds referred to in the paper are presented in Fig. 1 . The HPLC system displayed in Fig. 2 allows the separation of all compoundswith the exception of compoundll which is a minor metabolite7). The system is useful for a quick identification of fungal metabolites, as the commercially available emodin can used for calibration of the system. For reference purposes the UV-visible spectra of selected compounds are displayed in Fig. 3 .
Biological Properties EGF-R PTK was inhibited by all compounds in a similar range with the exception of endocrocin (7) which was inactive (Table 1 ). This suggested that the binding site of EGF-RPTKcould accommodatemost structural modifications examined. Since the methylated compounds 3 and 4 were active, not all phenolic groups were necessary for activity. The intracellular inhibitory activity of the anthraquinones against EGF-RPTKwas tested in an antiproliferative assay using BALB/MK mouse epidermal keratinocytes, whose proliferation is EGF dependent1 5). The observed antiproliferative potency of (1), emodic acid (2), 1-methyl-emodin (3), 8-methyl-emodin (4), catenarin (5), 2-chloro-co-hydroxyemodin (6), endocrocin (7), purpurin (8) and ofpaeciloquinones A (9), B (10), C (ll) and D (12). As purpurin is not stable, the solution has to be freshly prepared. Experimental conditions: analytical reversed-phase cartridge (Nucleosil 100-5 C18, 5 /mi; Marcherey-Nagel, Diiren, Germany; 4.0 x 100mm) plus precolumn (4.0 x 30mm); UV detection at 220nm; mobile phase A: 2. (1) and 2-chloro-a>-hydroxyemodin (6) showed some activity in this assay. These two compounds also showed antiproliferative activity against MKcells, but no direct correlation could be demonstrated between inhibition of intracellular autophosphorylation of EGF-R PTK antiproliferative activity against MKcells. FDC-P1 cells whose growth depends on IL-316) and does not involve activation of EGF-Rwere used as control cells: The antiproliferative potency of the anthraquinones was grossly similar as against EGF-R dependent MKcells. The lack of cell line specificity may indicate that the examined compoundsaffect another element of the mitogenic signal transduction pathway beyond EGF-R. This is confirmed by the inhibitory activity of these compounds for other kinases. Most of the compounds showed a low degree of selectivity amongthe kinases investigated.
Emodin shows some selectivity towards v-abl PTK but to a lesser degree than the earlier described paeciloquinones A (9) and C (ll). Although emodin (1) and paeciloquinone A (9) and C (ll) showed potent activity against the v-abl PTKin vitro, the compounds had no significant effect on v-abl autophosphorylation in intact cells at concentrations up to 100 /iM, indicating low penetration or inappropriate intracellular distribution.
Only very few anthraquinones were inhibiting PKC:
Paeciloquinone D (12) and endocrocin (7) were the most potent inhibitors ofPKC-a with IC50 values around 6 /iM. Both compoundscontain carboxylic acid groups which are quite close to each other, if the phenolic groups are arranged for the best possible fit as drawn in Fig. 1 
